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The morphological types of senile cataract fall largely into three basic categories: I Cortical spoke (or cuneiform) ( Fig. 1) , nuclear (Figs. 2 and 3) and posterior subcapsular cataract (PSC) (Fig. 4) . Cataracts have been classified into these three categories for the purpose of clinical studies.
These cataract types can be graded clinically2-5 and can be measured photographically.6-8 Within each group there is variation in the morphology and nuclear cataract is clearly not a single entity. It comprises both white scatter ing and brunescence (Figs. 2 and 3) , which although they commonly occur together appear to be separate entities. Each of these nuclear features can be graded,9 but it is only the degree of scattering which has so far been measurable.
The systems of classification and measurement are essential to ordered research work, but are necessarily an Eye (1993) 7, 63-67 oversimplification and tend to ignore the additional fea tures associated with cataract including water clefts,IO vacuoles, fibre folds II and retrodot opacities. 12 . 13 These are taken into account in the Oxford Clinical Cataract Classi fication and Grading System, 3 .5 but presently lack systems for measurement. Clinical experience suggests that these features affect vision, but the extent of the effect cannot be estimated until these features can be measured. The most significant basic effect of cataract on the opti cal system of the eye, common to all types of cataract, is that of light scattering, so that the image received by the retina is desaturated by the contrast-reducing effect of the scattered light. The degree of this effect depends on the proportion of the pupillary area that is occupied by the cat aract and upon the morphology of the cataract. Once the pupil is fully occupied by opacity, the retina receives only scattered light and no formed image. Forward light scat tering (light scattered towards the retina) accounts for reduced contrast sensitivity, for glare and for reduced visual acuity. Objective methods of cataract assessment can measure only the percentage of the pupil area occu pied by cataract and backward scatter (light scattered away from the eye), rather than the forward scatter that affects the retina. It is reasonable to suppose that there is a relationship between forward scatter and back scatter, but this has not been fully quantified. 14 Light scattering in the lens is not unique to cataract and occurs in the normal ageing lens leading to increasing glare after the age of 50. 1 5 This is likely to be the compoun ded result of the increase in lens thickness (causing the light to traverse more fibre protoplasm plus a greater number of fibre membranes) together with the increase in lens protein molecular size with age. 16 There are several demonstrable subjective ways in which vision is affected by cataract: (1) myopic shift, (2) astigmatism, (3) monocular diplopia, (4) contrast sensitiv ity reduction, (5) glare, (6) colour shift, (7) reduced light transmission, (8) .field loss and (9) visual acuity reduction. Visual acuity is considered last because it has a relatively low level of importance to the patient, in spite of being the most commonly used assessment. 
EFFECT S OF CATARACT ON VI SION

Myopic shift
The normal ageing human lens produces a gradual hyper metropic shift,17 which is offset by the development of nuclear cataract if this occurs. 18 Ageing patients not developing cataract, and those developing cortical or subcapsular cataract without nuclear change show the continued hypermetropic shift, as does the healthy ageing eye. It is possible to predict that an ageing person is developing nuclear cataract if he or she N. A. PHELPS BROWN shows 0.5 dioptre or more myopic shift between refrac tions 2 years apart. IS It is considered that the degree of scatter in the lens is related to the refractive index,19 which would account for the increasing lens strength in nuclear cataract.
Astigrnatisrn-
This aspect of cataract vision appears not to have been researched. There is clinical experience that astigmatic shifts may occur. Astigmatism is understandable in terms of an uneven change in refractive index in the lens and is seen in conjunction with cortical spoke cataract.
Monocular Diplopia
Monocular diplopia is common in cataract, particularly with cortical spoke cataract and in conjunction with water clefts. The patient may experience multiple images (poly opia). Water cleftslO form typical radial wedge shapes and appear · to contain a fluid of lower refractive index than the surrounding lens. The wedge-shaped nature of their cross section represents a prism.
It takes only a small prismatic effect due to refractive index changes to produce the double image. The illus tration of monocular diplopia (Fig. 4) was made with a prism of only I dioptre covering part of the lens.
Contrast Sensitivity Reduction
Contrast sensitivity testing is a research field in which the findings relate directly to the real world of the cataract patient?O.21 All cataracts lower contrast sensitivity and the posterior subcapsular cataract has been shown22 to be the most destructive of contrast sensitivity. The performance of the eye with cataract is reduced throughout the spatial frequency range. High spatial frequency contrast sensitiv ity results in cataract correlate to Snellen visual acuity testing, and so in cataract clinical trials it is the low spatial frequency contrast sensitivity (1-2 c/degree) measure ments that are the most informative. The patient has diffi culty in distinguishing relatively large objects (low spatial frequency) of low contrast difference from their surround ings, although high spatial frequency objects of high con trast may be quite well seen23 (Fig. 5) . The effect is evident in poor light. Thus driving vision is impaired, whilst the ability to read may be retained. When a cataract is uni ocular, the binocular contrast sensitivity test is affected at high spatial frequencies by binocular inhibition.24 Thus these patient's vision is more affected than measurements on the good eye alone would indicate.
Glare
Even very minor degrees of cataract cause glare (Fig. 6) by the forward scattering of light. As with contrast sensitivity testing, glare testing corresponds with the patient's sub jective impression of visual difficulty.20 All forms of catar act cause glare, especially cortical and posterior subcapsular. Glare affects the patient most severely when the light source is close to the object being looked at. This happens particularly in the context of night driving. Glare has a relatively weak effect at high contrast, such as with a Snellen chart, and is most accurately measured with a standardised glare source surrounding a contrast sensitiv ity test display?3,25 Both contrast sensitivity and glare have been shown to correlate with the degree of the cataract as measured by cataract grading22 using the Oxford Grading System. 3, 5 Glare is greater at short wavelengths and is reduced by a 550 nm cut-off yellow filter.26 This is an anticipated find ing since short wavelengths are more readily scattered.
Unlike contrast sensitivity reduction, some glare may be produced by opacities which do not lie within the pupil diameter, since these opacities will scatter light when receiving oblique rays and thus cause glare from light sources that are in the peripheral field.
The subjective measurement of forward light scatterl4 provides separately a measure of this effect of cataract that is the basic cause of contrast sensitivity reduction, of glare, and of visual acuity reduction. This measurement is performed by the method of van den Berg. 27 The patient views a target of 10 surrounded by a ring of light-emitting diodes (LEDs) which flicker, the flicker being seen by the patient as superimposed on the target because of forward light scatter. The target is made to flicker in counterphase to the LEDs until flicker is indistinguishable. The ampli tude of the luminance to produce zero perceived flicker corresponds directly to the amount of forward light scatter.
Colour Shift
Patients with cataract are often unaware that their colour vision is defective until it is restored to them by cataract surgery. The novel brightness of the colours seen through the lens implant is often more impressive to the patient than the improvement in acuity.
The healthy ageing lens becomes progressively more absorbent at the blue end of the spectrum28.29 and this effect is exaggerated in cataract and particularly in nuclear brunescent cataract. Thus the patient with nuclear cataract is affected by reduced colour sense (Fig. 7) as well as by reduced contrast sensitivity, glare, and by the myopic shift.
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Reduced Light Transmission
The normal ageing lens passes progressively less light through to the retina?S,29 This is accounted for in part simply by the increase in thickness of the lens with age. At the same time the transparency of the ageing lens is becoming reduced, due to increased scattering30 and to increased absorption.3l Forward scattered light is trans mitted to the fundus, but backward scattered light is not. The inability of the ageing pupil to dilate in poor light is an additional factor in reducing retinal illumination. In poor light the absorption by the cataract becomes critical and vision is reduced.
The other effects of cataract also contribute to reduced vision in poor light. The contrast of objects in poor light is lower than it is in direct sunlight, so that the patient's poor contrast sensitivity has a larger effect. Glare sources, suc1;t as headlights, are likely to be present in conditions of otherwise poor illumination.
Occasionally patients with cataract report improved vision in poor light. This occurs when there is a small diameter cataract placed centrally on the optic axis, so that vision improves with pupil dilatation.
Field Loss
Cataract can affect the visual field in one of two ways. With a pronounced spoke cataract a wedge-shaped shadow is thrown onto the retina and this can cause an identifiable defect in the peripheral field on field of vision testing. The effect is most noticeable with posterior cataract. 32 The reduction in light transmission can cause an estab lished glaucomatous field defect to appear to be increasing when tested with quantitative perimetry.33.34 An increase in the illumination of the test stimulus will reverse this effect, but the clinician is left with uncertainty as to what is really happening at the retinal level.
Visual Acuity Reduction
Visual acuity testing is conducted under ideal circum stances, which are not normally met in the real world. The room is softly lit and all sources of glare are removed. For research studies, the logarithmic letter charts35,36 are to be preferred. Visual acuities are reduced if the test is con ducted out of doors, 37 The letters are of very high contrast with nearly 100% difference between the letters and the background, which differs from most common objects in the environment. Even the print that the patient will commonly read at home, such as that in newspapers, does not approach 100% contrast. Thus visual acuity measurement tends to overestimate the patient's visual ability. 38 It is common to regard a visual acuity of 6/12 as just adequate to comply with the driving standard, but in poor light, or with glare from the headlights of other cars, the patient with cataract would be unlikely to meet the standard.
CONCLUSION
Cataract affects vision in many more ways than visual acuity testing alone would indicate. The nature of the effect varies with the degree of the cataract and with the cataract morphology. The assessment of a patient's visual disability is therefore not a simple task and cannot be based solely on visual acuity testing nor on the objective measurement of the amount of cataract.
Key words: Cataract, Visual perfonnance.
